Taking into account the tetrahedral shape of a quantum dot quantum well (QDQW) when describing excitonic states, phonon modes and the exciton-phonon interaction in the structure, we obtain within a non-adiabatic approach a quantitative interpretation of the photoluminescence (PL) spectrum of a single CdS/HgS/CdS QDQW. We find that the exciton ground state in a tetrahedral QDQW is bright, in contrast to the dark ground state for a spherical QDQW.
Introduction
Preparation of the CdS quantum dots with HgS quantum wells (QDQW's) was described in Ref. [1] . Such structures possess greater photochemical stability as compared to ordinary quantum dots (QD's). Excitons, localized in the HgS quantum well, are separated from the localized surface levels by the CdS shell and, as result, have longer lifetime and improved quantum yield/photoresponse. It has been revealed that QDQW's are preferentially tetrahedral particles [2] with zincblende crystal lattice. Using confocal optical microscopy, photoluminescence (PL) from a single QDQW has been measured [3] . Multiband k·p theory for spherical QDQW's gives an s-type electron and a p-type hole ground states leading to the dark exciton ground state. In Ref. [4] , we have reported the first quantitative interpretation of the PL spectrum of a QDQW.
Electron, hole and exciton states in QDQW
The specific features of the QDQW are (i) considerable difference of the effective-mass parameters between the well and the barrier materials on the interfaces of the thin HgS shell and (ii) coupling of the conduction band with the valence band in HgS due to a small value of the band gap. In order to take the above features into account, we use the nonsymmetrized 8-band Hamiltonian, which was derived earlier by us for quantum-dot heterostructures [5] . To optimize the numerical calculations within the framework of the method described in Ref. [5] we have derived the 2-band electron Hamiltonian We would like to emphasize that the influence of the valence band on the conduction band is included in the parameters of the electron Hamiltonian, and the influence of the conduction band on the valence band is included in the parameters of the hole Hamiltonian. 
where e E is the electron ground state energy including the energy of the self-interaction. [2] . Figure 1 shows the intensity of the exciton levels. A remarkable effect of the QDQW's shape is that the exciton in the ground state is bright for the tetrahedral QDQW, while it is dark for the spherical QDQW. 
we can represent the Maxwell equation in the form: 
where
It is worth mentioning that this formula is suitable in the isotropic case for any shape of the QD.
The interface modes are non-zero at the interfaces and the partial interface potentials are distributed in the whole space with boundary condition of vanishing at infinity. To obtain those potentials it is necessary to use the Maxwell equation in the general form (5) 2 . PL spectrum of a tetrahedral QDQW normalized to the zero-phonon line's intensity. Calculated spectral lines are broadened by a Gaussian to facilitate visualization. Experimental spectra are measured at T=10 K with excitation wavelength 633 nm and intensity 15 kW/cm² [3] and with excitation wavelength 442 nm and intensity 5 kW/cm² [7] . The insert gives one-and two-phonon bands (magnified by factors 40 and 4000, respectively) as calculated within the adiabatic approximation.
